index for an individual plant species confirm the use of stomatal frequencies as proxy indicators of fluctuations in paleoatmospheric CO2 concentration. Calibration of the stomatal indices against the historical relation between stomatal frequency and CO2 concentrations (19) enables quantification of the late Miocene-Pliocene paleoatmospheric signals (Fig. 3) . The relative changes so far observed suggest that the corresponding global CO2 concentration has fluctuated between values of -280 and -370 parts per million by volume (ppmv). Covariation with climatic changes supports a causal relation between the CO2 regime and temperature in late Miocene to Pliocene times. On the basis of such a relation, present-day low stomatal indices suggest that the presumed climatic effects of the humaninduced CO2 increase are lagging behind the stomatal responses in land plants.
The fossil leaf record is characterized by its generally discontinuous nature. The relatively few samples available in any one sedimentary sequence limit the extent to which detailed patterns of paleoatmospheric change can be reconstructed. However, quantitative stomatal analysis of cuticular remains can be used to test whether regional relative temperatures that are inferred from more continuous palynological records consistently reflect paleoatmospheric change (20 ic tracer of the trade wind reversals that accompany ENSO warm extremes (17) . In the western equatorial Pacific, the depth of the surface mixed layer is highly variable, averaging 29 ± 26 m. Intense rainfall establishes a relatively fresh surface layer; large variability in mixed-layer thickness reflects the sensitivity of surface stratification to short-term changes in rainfall and winds (18) . In tropical ocean regions, intense rainfall has low 8180 values (19) as a result of isotopic distillation associated with the progressive condensation of vapor during deep convection. At Tarawa, results from an ongoing monitoring program confirm that intense rainfall alters the 8180 and salinity of the surface mixed layer (2) . Shallow-growing corals incorporate this isotopic shift in the b180 of their aragonite skeletons (2, 4) .
We recovered two cores from a single coral head (genus Porites) at a depth of 6.7 m from a forereef site, chosen to reflect open-ocean conditions. We drilled samples for isotopic analysis (20) at 1-mm increments from the complete usable length of each core (mean resolution, 16 samples per year). Ages were determined independently for the two cores on the basis of seasonal 813C variability, which is supported by radiometric and density-banding observations of young Tarawa corals (4). We normalized the records, spliced them together using diagnostic density and isotopic patterns, and interpolated them to monthly resolution for statistical analysis.
The monthly resolution record of b'80 that we obtained (Fig. 1 instrumental histories of the ENSO system (Table 1) . To compare monthly resolution indices with lower resolution data, we converted the monthly records to seasonal means centered on January, April, July, and October and annual means that span April (16, 25) . Our comparison suggests a tendency for equatorial Pacific anomalies to have at least a small impact along the South American coast, whereas coastal anomalies do not always reflect unusual conditions across the equatorial Pacific.
Comparison of the 8180 anomaly records from Galapagos (13) and Tarawa corals reveals that these records generally match well. Years ofENSO warm extremes (21 SD below the mean) are consistent between both records. However, positive (cool and dry) 8180 anomalies recur more frequently in the Galapagos record than in the Tarawa record. The high frequency of positive 8180 extremes in the Galfipagos coral record is consistent with the record of SSTs from Puerto Chicama, Peru, but ENSO cool extremes appear less frequently in instrumental records from central and western Pacific sites.
Cross-spectral analysis (26, 27) indicates that the Tarawa 8180 record is consistently and significantly coherent with instrumental ENSO indices (21) over periods centered at 2.3, 3.0, 3.6, and 5.8 years ( Fig.  2A) . At these periods, 75 to 85% of b180 variance correlates linearly to ENSO. Our results agree with earlier studies suggesting that ENSO-related climate variables are characterized by broad concentrations of variance across annual, biennial, and lowfrequency (3-to 7-year) periods (28) , although the length of our record enables more detailed resolution of specific periods. The periods that characterize ENSO variability in the Tarawa record also emerge in records of east African rainfall (29) , where strong ENSO teleconnections occur (6) .
To evaluate changes in the relative contributions of dominant frequency components over the past 96 years, we applied spectral analysis to overlapping 30-year intervals of the Tarawa b180 record, offset by 2 years (Fig. 2B) . This evolutionary spectrum shows significant changes in concentrations of variance at periods coherent with ENSO ( Fig. 2A) Longer records and additional sites are needed for the evaluation of the full range of natural variability in ENSO, including spectral evolution, sensitivity to extratropical changes, and the possibility that recent climate shifts may be unprecedented.
